It has been reported in several studies that there may be a significant correlation between reproductive history and the risk of osteoporosis due to the effect of estrogen. Under this hypothesis, however, it is unclear whether the age at first delivery has any major influences on the risk of osteoporosis. Therefore, this study aimed to investigate the relationship between the age at first delivery and the risk of osteoporosis in Korean menopausal women. This study was performed using data from the 2008-2011 Korea National Health and Nutrition Examination Survey and included 2,530 Korean postmenopausal women. The diagnosis of osteoporosis was made using the World Health Organization T-score criteria (T-score -2.5, at the femoral neck or lumbar spine). Participants were categorized into 3 groups according to age at first delivery: 23, 24-29, and 30 years. Older age, lower body mass index, lower calcium intake, later menarche, and earlier menopause increased the risk of osteoporosis, whereas hormone therapy and oral contraceptive use were associated with a decreased risk of osteoporosis. Postmenopausal women whose first delivery occurred at age 24-29 years were shown to have a significantly increased risk of osteoporosis (odds ratio, 2.124; 95% confidence interval, 1.096-4.113; P = 0.026) compared to those who first gave birth after the age of 30 years. These findings suggest that postmenopausal women whose first delivery occurred in their mid to late 20s, a period during which bone mass slowly accumulates to the peak, are at an increased risk of osteoporosis.
Introduction
Osteoporosis is a major cause of morbidity, as osteoporosis-related fracture can result in disability and even death [1, 2] . The risk of fracture depends on the peak bone mass and subsequent rate of bone loss. In women, peak bone mass is influenced by hereditary and endocrine factors, and bone loss is affected by genetic susceptibility, life style such as smoking, high alcohol consumption, and depletion of estrogen [3, 4] . In postmenopausal women, there is a rapid decrease in bone mineral density due to estrogen depletion, resulting in a higher fracture risk and increased morbidity compared to similarly aged men [3, 5] .
Although bones in women are greatly affected by estrogen (either quantity or quality), results on the correlation between reproductive history and risk of osteoporosis due to the effects of estrogen are conflicting. Reproductive factors such as late menarche and parity have been suggested to be risk factors for postmenopausal osteoporosis, although this is controversial [6] [7] [8] [9] [10] . It is unclear whether age at the time of first pregnancy and effects of pregnancy on bone loss have major influences on the risk of osteoporosis. It is believed that reversible bone loss is likely to occur in most women during pregnancy, although osteoporosis associated with pregnancy is rare [11] . However, the impact of age at first delivery has shown contradictory results in studies. Adolescent pregnancy has been suggested to be a risk factor for postmenopausal osteoporosis [12] , and women whose first pregnancy occurred after PBM acquisition (27 years of age in the study) with breast feeding history showed decreased prevalence of osteoporosis [13] . Nevertheless, another study has suggested that adolescent pregnancy seems to exert no significant influence on either acquisition of peak bone mass or future risk of osteoporosis [9] .
In this study, we focused on possible reproductive factors that might affect bone mass formation [7, 14] and bone loss, thereby aiming to investigate the relationship between reproductive factors and osteoporosis in Korean postmenopausal women and to evaluate risk factors for the development of osteoporosis.
Materials and Methods

Study population
This study was designed as a cross-sectional study based on data from the Korea National Health and Nutrition Examination Survey For each year, the sampling units were newly selected and did not overlap with previous samples. The survey consisted of 3 parts: the Health Interview Survey, Nutrition Survey, and Health Examination Survey. Data were collected by household interviews and direct standardized physical examinations conducted in mobile examination centers. The interviewers were not provided with any information regarding specific participants before conducting the interviews, and all participants provided written consent forms prior to enrollment. The study was approved by the Yonsei University Health System, Severance Hospital, Institutional Review Board (4-2013-0322) .
Among those who participated in the survey, there were 5,229 women aged 33-95 years who had not menstruated for at least 1 year. Postmenopausal women were defined as women over 45 years of age who answered that they had experienced menopause in the survey (n = 5017). To avoid selective bias, women aged 71-95 years were excluded (n = 840), since there is a higher prevalence of osteoporosis in the elderly. Women who had undergone hysterectomy (n = 431), which is known to increase the risk of early menopause [15, 16] , or bilateral oophorectomy (n = 170) were excluded. In addition, women were excluded from the study if they had a chronic condition that may have influenced bone metabolism, such as end-stage renal disease (n = 41), thyroid disease (n = 468), and cancer (n = 367), or if information regarding bone mineral density (BMD) or T-score of the femur neck or lumbar spine was not available (n = 170). Finally, 2,530 postmenopausal women were enrolled in the present study.
Measurements
All participants underwent thorough physical examinations. Age, body weight, height, smoking and drinking history, exercise, and food and nutritional intake were recorded. Age was expressed in years. Current smokers were defined as those who smoked at least 1 cigarette daily during the previous 12 months. Drinking history was divided into 2 categories, depending on whether the participant had a history of drinking within the previous 12 months. Based on the International Physical Activity Questionnaire short-form scoring protocol [17] , physical activity levels were divided into 3 categories: low, moderate, and high. The 24-h dietary recall method was used to collect data on food items consumed by participants. Energy and calcium intake were calculated based on the consumption of each food item. Information on reproductive factors, including age at menarche and menopause, age at first delivery, total number of pregnancies, breastfeeding history, use of oral contraceptives (OCs), and use of hormone therapy (HT), was collected. History of using OC or HT was defined as use of either of these medications for at least 1 month. Participants were divided into 3 groups based on the age of first delivery: 23, 24-29, and 30 years. These age groups were determined based on bone mass distribution of the female population from 10 to 85 years of age, from the data of KNHANES 2008 to 2011 (S1 Table and S1 Fig) . We also calculated the duration from menarche to first delivery and the time elapsed since the onset of menopause. For those with a history of breastfeeding, we determined the total duration of breastfeeding.
Blood samples were collected for biochemical analyses from all subjects during the survey. Blood samples were collected early in the morning after an overnight fast. Serum 25-hydroxyvitamin D levels were measured by electrochemiluminescence immunoassay using a COBAS autoanalyzer (Roche Diagnostics, West Sussex, UK; intra-and inter-assay coefficients of variation <8% and <10%, respectively). All clinical analyses were performed by the Neodin Medical Institute, a laboratory certified by the Korean Ministry of Health and Welfare.
Body weight, anthropometrics, and BMD were measured with participants wearing light clothing, without shoes or jewelry. Body mass index (BMI) was calculated using measured height and weight (kilograms per square meter of body height). The BMD was measured in central skeletal sites (femoral neck, lumbar spine L1-L4) using dual energy X-ray absorptiometry (DXA; DISCOVERY-W; HOLOGIC Inc., Santa Clara, CA). The precision of DXA has been previously reported in the KNHANES, and the DXA instruments were calibrated using the methods described in a previous report [18] . The KNHANES calibrations were used for appropriate comparisons among data. The T-score, which is the derivation of a participant's BMD from the weight-adjusted average peak BMD of a healthy population, was used to analyze the BMD data.
Diagnosis of osteoporosis was made using the World Health Organization T-score criteria; osteoporosis was defined as a T-score lower than -2.5 at either the femoral neck or lumbar spine.
Statistical analysis
Data were examined for normality of distribution. Data are presented as the mean ± standard deviation for continuous variables, and numbers and percentages are reported for categorical variables. Baseline characteristics were compared between the osteoporosis group and the nonosteoporosis group using the Student t-test for normally distributed continuous variables, and the chi-square test was used for normally distributed categorical variables. Binary logistic regression analysis was performed to investigate which reproductive factors affected the development of postmenopausal osteoporosis. A logistic model was made on the basis of goodness-offit of the model and multi-collinearity of the factors. The factors included in the logistic model were selected by the univariate analysis of the data and previously established risk factors for osteoporosis. Variables were included in the model if they achieved a P value <0.10 in the univariate analysis. If the P value did not meet the criteria, but was a previously established risk factor, it was included in the model. P < 0.05 was considered statistically significant.
Results
The flow chart of the study process is presented in Fig 1. The characteristics of the study population are shown in Table 1 . As expected, there was a significant difference in mean BMD between the osteoporosis (femoral neck: 0.56 g/cm 2 ; lumbar spine: 0.67 g/cm 2 ) and nonosteoporosis groups (femoral neck: 0.68 g/cm 2 ; lumbar spine: 0.88 g/cm 2 ; P < 0.0001, respectively). In addition, the osteoporosis group exhibited a significantly higher age (62.88 vs. 58.58 years; P < 0.0001), lower BMI (23.61 vs. 24.47 kg/m 2 ; P < 0.0001), and lower daily calcium intake (397.50 vs. 456.66 mg; P < 0.0001) than the non-osteoporosis group. Vitamin D deficiency was observed in both groups (18.52 vs. 18.84 ng/mL; P = 0.073); there were no significant differences in exercise and smoking history between the groups. In the osteoporosis group, the proportion of participants with osteoporosis at the femoral neck and lumbar spine was 50.19% and 95.11%, respectively; osteoporosis at both sites was observed in 30.43% of participants (data not shown).
The reproductive factors of the participants are presented in Table 2 . The osteoporosis group had a significantly higher mean age at menarche than the non-osteoporosis group (16.20 vs. 15.70 years; P < 0.0001). There were no significant differences between the groups with regard to mean age at menopause (50.70 vs. 50.82 years; P = 0.389), gravidity (5.69 vs. 5.58; P = 0.792), and age at first delivery (23.96 vs. 24.15 years; P = 0.207). In addition, the osteoporosis group had a significantly lower incidence of oral contraceptive use (21.9% vs. 26.7%; P = 0.017) and HT use (12.7% vs. 21.7%; P < 0.0001).
A logistic model including the factors identified in the univariate analysis and previously known risk factors was then created. Incorporating potential influences of multiple factors on the development of postmenopausal osteoporosis, the results showed that the risk of postmenopausal osteoporosis increased significantly with a younger age at first delivery (Table 3) . However, adjusting for possible risk factors, the influence of age at first delivery on osteoporosis was greater in those whose first delivery occurred between 24 and 29 years of age (odds ratio, 2.124; 95% confidence interval, 1.096-4.113; P = 0.026) than in those whose first delivery occurred at 30 years of age (Table 3 ). In addition, other previously reported risk factors for postmenopausal osteoporosis, including age, BMI, calcium intake, age at menarche and menopause, and HT and OC use, were confirmed to have a significant relationship with osteoporosis.
Discussion
We demonstrated that a lower BMI, lower calcium intake, earlier menopause, and later menarche increase the risk of postmenopausal osteoporosis, whereas HT and OC use were associated with a decreased risk. In addition, there was a significant relationship between age at first delivery and osteoporosis, although the mean age at first delivery was comparable between the osteoporosis and non-osteoporosis groups. In our study, a few risk factors for developing osteoporosis in postmenopausal women were expected, such as lower BMI, lower calcium intake, earlier menopause, and later menarche. Furthermore, the finding that age at first delivery was an independent risk factor for postmenopausal osteoporosis was also expected. When compared to previous studies [12, 13] , distinctive finding of our study was that the risk of osteoporosis is significantly increased for those who first gave birth at the age of 24-29 years, not in the adolescent period.
A few previous studies have evaluated the relationship between age at the time of first pregnancy and osteoporosis. Two studies have investigated whether pregnancy during the adolescent period may affect future bone loss [9, 19] . Both studies suggested that adolescent pregnancy seems to affect neither increased bone loss or future osteoporosis. Moreover, they also suggested that pregnancy causes reversible bone loss, which is compensated for after lactation. However, it has not been established whether age at first pregnancy affects the future Mann-Whitney U test was performed for continuous variables that did not show normal distribution. OC, oral contraceptive; HT, hormone therapy.
Data are presented as the mean ± standard deviation.
P values were obtained using the 2-sample t-test for continuous variables and the chi-square test for categorical variables.
development of postmenopausal osteoporosis. In a cross-sectional study that was conducted using KNHANES 2008 data, a history of adolescent pregnancy seemed to significantly increase the risk of postmenopausal osteoporosis [12] . However, another cross-sectional study performed in postmenopausal women reported that there was a significantly lower incidence of osteoporosis among women who breastfed and whose first delivery occurred after 27 years of age, an age considered to be after PBM acquisition [13] . The discrepancies among studies may be explained in terms of bone mass accumulation [20] . Bone mass accumulates at a great rate during the adolescent period [21] . However, bone mass reaches its peak at a later age, namely around the late 20s [22] to early 30s [23, 24] . According to the periods of bone mass acquisition, a hypothesis can be made that during rapid accumulation of bone, loss of bone mass has time to recover, considering that acquisition of bone mass resumes after pregnancy. However, towards the end of PBM accumulation, when the rate slows down, loss of bone mass at this time interrupts bone mass accumulation at a critical time. This assumption is supported by a longitudinal study conducted in 25 children with leukemia or lymphoma [25] ; in this study, 8 years after allogeneic bone marrow transplant, whole-body bone mass only slightly reduced, and size-adjusted bone mass was normal. However, in current study, pregnancy at the 30s, the maintenance period of bone mass, interruption of bone mass does not seem to affect future osteoporosis risk. It may be explained by general view that pregnancy does not increase osteoporosis risk, because bone mass has been compensated after delivery [7] . The compensation after delivery may be enough for maintaining the bone mass, since it does not require increasing the bone mass, but maintaining it. Continuous variables were as follows: age (years), calcium intake (100 mg/day), exercise (days/week), age at menarche (years), age at menopause (years), gravidity (n), time from menarche to first delivery (years). P values were obtained using multivariate logistic regression analysis.
doi:10.1371/journal.pone.0123665.t003
In our study, women who first delivered at the age of 24-29 years exhibited an increased risk of postmenopausal osteoporosis. In our study, PBM in the femoral neck was achieved in the early 20s and in the fourth decade for the lumbar spine (S1 Fig). These differences can be explained by ethnicity, a variable that is well known to affect PBM acquisition [26, 27] . In our grouping by age at first delivery, 23 years was selected to represent the rapid accumulating phase of female bone mass, 24-29 years represented the slow accumulating phase before PBM acquisition, and 30 years represented the maintenance phase. Our results showed a significantly increased risk of postmenopausal osteoporosis in the 24-29 age group, thereby confirming this hypothesis.
In contrast with prior study results, our results indicated that exercise and current smoking status were not significantly associated with postmenopausal osteoporosis. This may be because history of smoking was not evaluated in the study. In addition, participants' activity levels were assessed by subjective intensity of activity and did not specify the type of exercise performed. Although there is controversy regarding the relationship between age at menarche and postmenopausal osteoporosis [2, 6] , it seemed to have borderline significance in our study. Additionally, serum vitamin D levels were not associated with osteoporosis; this may be because there were comparable levels of vitamin D deficiency in both the osteoporosis and non-osteoporosis groups, as there is a high prevalence of vitamin D deficiency in South Korea [28] .
One of the limitations of this study was the cross-sectional design. In addition, most of the data came from questionnaires based on memory recall. Although breastfeeding history is known to be a risk factor for osteoporosis, we could not include breastfeeding history or duration in the analysis because of the extent of missing data. Previous breastfeeding history and osteoporosis shall be taken into further study, although we cannot include in the current study. Since age at first delivery can be a socially conditioned factor, the impact of this factor might be complicated to interpret. For example, in the 1940s and 1950s, marriage and first delivery typically occurred during the late teens to early 20s in Korea. Therefore, adjusting for age may have eliminated the effect of early delivery (23 years). Similarly, there were relatively few participants whose age at first delivery was 30 years. Further longitudinal studies are needed to confirm the relationship between interruption in bone mass acquisition and postmenopausal osteoporosis.
In conclusion, reproductive factors, including menarche, menopause, pregnancy, and use of hormones, are significant risk factors for the development of osteoporosis in postmenopausal women. In particular, age at first delivery may affect the development of osteoporosis in the future by interrupting PBM acquisition. This emphasizes the need to consider HT use in women with the above risk factors and to address the issue of bone loss in these women with interventions such as vitamin D supplements or exercise during the antepartum to postpartum period.
Supporting Information S1 Table. Bone mineral density and content of femoral neck, lumbar spine in total female population. 
